1. Introduction {#sec0005}
===============

Since its introduction in 1968, the Bentall procedure has been the primary surgical solution for aneurysms of the aortic root [@bib0005]. Due to procedural complications such as bleeding, detachment of coronary ostia and pseudoaneurysm formation at anastomosis sites, the Bentall procedure has undergone several modifications [@bib0010], [@bib0015], [@bib0020]. Today surgeons typically perform modified Bentall operations instead of the classic Bentall operation, which involves direct coronary anastomosis and wrapping the aneurysmal aortic wall around the valved conduit. Detachment of the proximal suture line after the Bentall procedure is a rarely reported [@bib0045], [@bib0050]. Here, we report a total detachment of the proximal anastomosis after a Bentall operation induced stress on the possible mechanisms, which might have led to development of this very rare complication. We also report our surgical solution in dealing with this frightening situation. This work has been reported in line with the SCARE criteria [@bib0025].

2. Presentation of the case {#sec0010}
===========================

A 42-year-old man with Marfan syndrome underwent a Bentall procedure due to a 6 cm aortic root aneurysm and severe bicuspid aortic valve regurgitation. In his past history aortic coarctation and hypertension were highlighted. Due to aortic coarctation he underwent a left thoracotomy with excision of the coarctic segment and end- to- end anastomosis when he was 7 months old. At the age of 17, a bypass with prosthetic graft was anastomosed between the left subclavian artery and the ascending aorta due to recoarctation. During routine follow up, echocardiography revealed a dilated aortic root and significant aortic valve regurgitation. Computer tomography (CT) images showed a root aneurysm 6 cm in diameter and minimal hypoplasia of the aortic arch. Coronarography revealed a normal coronarogram. Surgery was performed via midline sternotomy and extracorporeal circulation with cannulation of the proximal aortic arch and right atrium. The Bentall procedure was performed using a home-made mechanical valve-graft conduit (a 27-mm Sorin bileaflet mechanical valve sutured to the end of a 34-mm Polythese ICT vascular prosthesis using continuous 2/0 prolene suture), which was sewn to the aortic ring using supra annular interrupted 2-0 mattressed pledgeted sutures. The coronary ostia were reimplanted applying the button technique, and the aneurysmal wall was wrapped over the vascular prosthesis. The postoperative period was uneventful except for early excessive bleeding (1st h: 250 ml, 2nd h: 180 ml and 1050 ml over 24 h), which was treated successfully using a conservative correction of the coagulation parameters.

As a follow-up measure, transthoracic echocardiography (TTE) was performed every 6 months by his cardiologist; according to the available documents, no abnormalities were detected. At the patient's last follow up, 26 months after the operation, he visited his cardiologist and complained of exertional dyspnea. Transthoracic, transesophageal echocardiography and CT scan revealed a pseudoaneurysm around the graft and the mechanical valve was totally detached from the aortic annulus. The distance between the original aortic annulus and the detached mechanical valved composite was approximately 20 mm ([Fig. 1](#fig0005){ref-type="fig"}).Fig. 1Totally detached valved conduit with empty aortic ring; LV: left ventricle, IVS: interventricular septum, LA: left atrium, MV: mechanical valve, VP: vascular prosthesis, PS: pseudoaneurysm.Fig. 1

In an urgent operation, cardiopulmonary bypass was initiated prior to resternotomy with cannulation of the femoral vessels. After resternotomy and careful adhaesiolysis, the ascending aorta was clamped directly below the origin of the innominate artery and the wall of the pseudoaneurysmal sac was opened. The heart was arrested by direct administration of cold crystalloid cardioplegia into the valved conduit. The valved conduit was found to be hanging above the aortic ring, fully detached and suspended in place by the main coronary arteries. No tension or traction was observed on the coronary arteries. The aortic annulus was empty ([Fig. 2](#fig0010){ref-type="fig"}). As no signs of endocarditis were observed, we decided to elongate the left ventricle outflow tract (LVOT) using a vascular prosthesis between the original aortic ring and the sewing ring of the valved conduit. A vascular graft with 30-mm in diameter and 2.5- cm in length was selected. The proximal anastomosis, at the level of the original aortic annulus, was prepared using running 3-0 polypropylene sutures with external reinforcement incorporating a strip of Teflon. After removing all the disrupted pledgeted sutures from the ring of the mechanical valve, the other end of the vascular graft was sewn to the ring of the mechanical valve using running 3-0 polypropylene sutures. The aneurysmal sac was left opened, unwrapped and a small drain was placed at its lowest point.Fig. 2Operative seen; AR: empty aortic ring, MV: mechanical valve, VP: vascular prosthesis, PSW: pseudoaneurysmal wall.Fig. 2

The postoperative period was uneventful. Echocardiographic studies revealed no significant pressure gradient at the level of the supra annular mechanical valve and no kinking of the vascular graft sewed to the aortic ring ([Fig. 3](#fig0015){ref-type="fig"}). Eight months after the reoperative procedure, the patient was completely asymptomatic.Fig. 3LVOT elongation with a new short vascular prosthesis; AR: aortic ring, MV: mechanical valve, nVP: new vascular prosthesis.Fig. 3

3. Discussion {#sec0015}
=============

The Bentall procedure and its modifications have continued to be considered the gold standard for treating aneurysms involving the aortic root [@bib0005]. Various modifications can serve as optimal solutions for procedure-related complications. Complications of the Bentall procedure can be divided into two subgroups: endocarditis or thromboembolic events and procedure-related complications. The former is valve-related complications occurring early or later after surgery [@bib0030], [@bib0035], and thrombotic events can be reduced if a biological Bentall procedure is adopted [@bib0040]. Procedure-related complications include bleeding, anastomosis dehiscence, and pseudoaneurysm formation at the anastomotic sites. Although pseudoaneurysm formation is rare after a Bentall procedure, it is typically reported at the coronary ostial sites, particularly prior to the introduction of the button technique [@bib0010].

Total detachment of the proximal anastomosis after the Bentall procedure is a rarely reported complication. Without the formation of a pseudoaneurysma, this complication can be fetal due to massive bleeding. Among 37 cases at Chulalongkorn University, only one case with sternal infection developed proximal suture line dehiscence with consequent massive bleeding into the mediastinum within 3 months [@bib0045]. In our case, a pseudoaneurysm was observed after complete detachment of the proximal anastomosis from the original aortic ring, and a lifesaving huge pseudoaneurysm developed.

Endocarditis has been reported as a cause of paravalvular dehiscence when perivalvular extension occurs [@bib0050], [@bib0055]. In our case, an endocarditis diagnosis was rejected based on clinical symptoms, echocardiographic images and intraoperative findings. Hemocultures were negative. Traumatic injury could be considered in this situation, particularly considering the existing connective tissue disorder. However, our patient had no history of trauma.

Postoperative bleeding from the anastomosis sites and suture tension has reportedly played causative roles in pseudoaneurysm formation. This complication is typically reported at coronary ostial anastomosis sites [@bib0060], [@bib0065]. In our patient, intraoperative findings showed completely competent and tension-free coronary ostial anastomosis with normal anatomical morphology. The wrapping technique originally described by Bentall can lead to increased pressure around the valved composite conduit, particularly at anastomotic sites. Some surgeons still use the wrapping technique despite the zero-porosity collagen and gel-impregnated grafts [@bib0070].

In some instances where coagulopathy coexists, it can be difficult to distinguish between surgical and nonsurgical sources of postoperative bleeding after aortic surgery [@bib0075], [@bib0080], [@bib0085]. With our home-made graft, the annular sutures were passed through the ring of the valve and the edge of the vascular prosthesis. The thickness of the sewing ring engaged with the annular sutures can vary, rendering some sutures more secure than others. With commercially available conduits, the ring of the prosthetic valve is prominent, and sutures are typically passed only through the ring of the valve in the same manner as in traditional valve implantation. We hypothesized that total or partial tearing of one or more of the interrupted sutures used to secure the home-made valved graft might have led to postoperative bleeding, which was controlled by the wrapped aortic tissue and therapeutic corrective measures of the coagulative state. In our Marfan patient, we assume that both postoperative bleeding and the wrapping technique led to increased pressure in the aneurysmal sac, which resulted in increased tension on the proximal suture line with subsequent gradual dehiscence of the interrupted sutures of the proximal anastomosis.

Repeating a Bentall procedure can necessitate excessive adhesiolysis around the conduit and the coronary ostia as well as use of a new composite valved-graft conduit [@bib0090]. This solution could be time-consuming. A Cabrol modification of the Bentall procedure might be necessary to solve this issue [@bib0015]. At the time of surgery, elongation of the LVOT seemed to be the less time-consuming procedure because no excessive adhaesiolysis around the vascular graft or the intact coronary ostia anastomosis was necessary. This solution was copied after our experience in the Urbansky modification of the Bentall operation, where the valve was implanted within the vascular prosthesis leaving a 3--5-mm skirt proximally [@bib0020]. This skirt was sewn to the aortic ring.

4. Conclusion {#sec0020}
=============

Surgeons performing the Bentall procedure must be familiar with all existing modifications because they are complementary to the original surgical procedure. Where home-made valved grafts are used, we believe suturing the valve inside the vascular prosthesis is more beneficial than doing so at the end of the vascular tube. Elongation of the LVOT with a vascular graft can serve as an acceptable solution for dehiscence of the proximal anastomosis after a Bentall operation.
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